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INTRODUCTION

This technical memorandum.provides a complete set of input
instructions for .the LEAST (Least Squares Curve Fitting Routine)
developed at the Naval Air Development Center, Johnsville, Warminster,
Pennsylvania. . The memorandum begins with a brief description of the
program's capability, followed by general information concerning input
specification.. .The necessary input variables are then explained. in.
full, and format specifications are provided.. Inputs for a sample
problem are listed in appendix A, and the sample output is listed in
appendix B,
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DISCUSSION

General Program Description

The Least Squares Curve Fitting Routine is designed primarily to
derive a numerical relationship between a designated independént .
variable and a dependent variable by the method of least squares
regression. The regression equation is an equation of the form:

L2 KM
Y = b1 + b2X + bSX + ..t bMX

where

Y = the indepéndent variable
X = the dependent’ variable

M = the number of data points
B.

i ‘
KM = the maximum degree of the equation (KM=M-1)

constants to be determined (i=1,M)

The program calculates the errors involved in fitting raw data.to.a.
mathematical curve including the variance for each data point, the .
average variance for.each coefficient, and the adjusted standard.error
of estimate. For a complete explanation of regression equations, '
standard error of estimate, and variance, see reference (a).

The program will also generate the coefficients of Legendre.poly-
nomials or orthogonal .polynomials if so desired. A .Legendre polynomial
is a solution .of Legendre's.equation, which is the linear second order
differential equation:

(1-x2)£§ nd . n(n{l) =0
, dxZ = “"ax yr=uv-
where
d2 _ : :
af%-= the second derivative of X with respect to Y
X - :
%% = the first derivative of X with respect to Y
n = a given constant.

An orthogonal polynomial.is one whose coefficients are mutually orthogonal
with the coefficients of another. polynomial; that is, two polynomials
whose inner product.is equal to 0. In the program, the orthogonal
coefficients are orthogonal to the regression coefficients.
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The user may select the maximum degree of the regression. equation,
although this will be limited to. one.less than the number of.data
points; or if Legendre polynomials are generated, less than or equal
to 10; or if orthogonal coefficients are calculated, less than or
equal to 20.

A weighting system can be.used.in order to put more. emphasis on
points of greater .significance in developing the regression equation.
If the weighting system is not used, the program will assign all points
a weighting factor of 1. '

Preparation of the Data Deck. .

General Information

All input variables are specified on 80-column Hollerith cards.
The inputs are either data or control variables, In the following
instructions, each input card will be considered in sequence. Each
description will include.the.variable name as it appears in the program,
the columns into which the variable is punched, the .variable.type.in
parenthesis (data or control-integer or decimal), and the definition of
the variable with any needed instructions.. In any field, a.decimal
variable must .include the decimal point, and an integer variable must
be right-justified and must.not include a decimal point. :

Data Arrangement

Card 1

M cols. 1-5 (control-integer)

KM cols. 6-10. (control-integer)
ISW cols. 11-15 (control-integer)
LP cols. 16-20 (control-integer)
IW cols. 21-25. (control-integer)

M is the number.of.raw data points to be read.
KM is the maximum degree of the regression equation. ..

ISW controls the production of orthogonal polynomials...If ISW
is equal to 1,.the coefficients.of an orthogonal polynomial will.be.
generated; if ISW.is.equal.to 0, they will not be generated. The
calculation of orthogonal polynomials limits the degree of the regres-
sion equation to less than or equal to 20.

LP controls the production.of Legendre polynomials., If LP is
equal to 1, the coefficients of a Legendre polynomial will be produced;
“if LP is equal to 0, they will not be calculated.  The calculation of 1
Legendre polynomials limits the degree of the regression equation to
less than or equal to 10. '
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IW determines if. a weighting system is to be used to place. ..
greater emphasis in the .regression.equation on more significant.data
points. If IW . equals 0, the.system.is not used and the: program makes
all weights equal.to 1. If IW.equals 1, weighting factors must be read
in with each point. :

Card 2.

a.. If IW is: equal to .0, read in the M data: points,.each
point occupying 2.F10 fields.with four points .per card. - Place.the .. .
dependent variable (X;) in the first field and the independent variable
(F21) in the second field. Use as many cards as necessary until all
M points have been entered on cards. For example:

X1 cols. 1-10 (déta—decimal) ‘
F2; cols. 11-20 (data-decimal) =
X7 cols. 21-30 (data-decimal)

F25 cols. 31-40 (data decimal)

etc. -

b. If IW is equél'to 1, read in the M .data.points with
their weight factors;, each:point and its: .weight .occupying. 3.F10. fields
with two points per card. -~ Place the .dependent variable (Xj) in. the
first field, the independent .variable (F2;) in the 'second field, and
the weighting factor (Wi) in the third field. Use as many cards as neces-
sary until all M points have been entered on cards, For example:

X; cols. 1-10 (data-decimal)
F27 cols. 11-20 (data-decimal
Wi cols. 21-30 (data-decimal)
X, cols. 31-40 (data-decimal)
etc. ' ‘
Multiple”runs‘érevpossible by placing-hew-values of

the variables .on.card 1 in back of the previous run and proceeding as
before. A blank card will terminate the program.
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APPENDIX A
SAMPLE PROBLEM INPUTS

- General Description

A user wants to determine two relationships; between an independent
variable A and a dependent variable B, .and also between: .another.inde-. .. .
_pendent variable.C and a.dependent variable D; using the method of
least squares regression.” In the first case, he knows the coordinates
of 9 points and he wishes the maximum degree of the regression.equation.
to be equal to.8.. He does.not want .to use the weighting system,.and
he does not want Legendre.or.orthogonal polynomial. cogfficients.. .In
the second case, he knows the coordinates of 12 points, he wants the
maximum degree of the regression to be 11, and he wants the coefficients
of both Legendre and orthogonal polynomials. = Again he does not want to
use a weighting system. '

In the first run,. the .user inputs.-the values of A into the F2 fields
of the program .since F2 is.the independent variable. He.also.inputs .
the values of B into the X fields of the .program.: In.the second case,
he inputs the values .of C dinto the F2. fields and D into the X fields;
the points for each case are listed below.

First case (B,A).points.
(0,0); (90,0,7.30)3 (20.0,3.95); (30.0,4.95); (40.0,5.60);
(50.0,6.10); (60.0,6.45); (70,0,6.80); (80.0,7.05)

Second case (D,C). points.

(1.65,1.50); (2.42,1.76); (4.10,1.65); (5.70,2.17);
(7.65,2,43); (11.3,2.48); (15.7,3.0); (21.6,3.05);
(24.0,3.58); (34.2,3.12); (50.0,4.07); (76.1, 5.21)

Problem Inputs

Card ‘No, Variable Value Card Columns

1 M 9 5

1 KM 8 10

2 X1 0.0 1-3
2 F2q 0.0 11-13
2 X2 90.0 21-24
2 F2, 7.30 31-34
2 X3 20,0 41-44
"2 F23 - 3.95 51-54
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Card No. Variable Value Card Columns
2 Xy 30.0 - 61-64
2 F24 4,95 71-74
3 X5 40.0 1-4
3 F2g 5.60 11-14
3 Xg 50.0 21-24
3 F2¢ 6.10 31-34

3 X7 60.0 . 41-44
3 F27 . 6.45 51-54
'3 Xg 70.0 61-64
3 F2g 6.80 71-74
4 X9 80,0 1-4
4 F2q 7.05 11-14
5 M 12 4-5
5 KM 11 9-10
5 ISW 1 15

5 LP 1 20

6 X1 1.65 1-4
6 F2; 1.50 11-14
6 Xy 2.42 21-24
6 F2, 1.76 . 31-34
6 X3 4.10 41-44
6 F23 . 1.65 51-54
6 Xg 5.70 - 61-64
6 F2y 2.17 71-74
7 Xg 7.65 1-4
7 F2g 2,43 11-14
7 Xeg . 11.3 21-24
7 F2¢ 2.48 31-34
7 X7 15,7 41-44
7 F24 3.0 51-53
7 Xg 21.6 - . 61-64
7 F2g 3.05 71-74
8 Xq v 24 .0 : 1-4
8 F%g 3.58 11-14
8 X10 34,2 21-24
8 F21p ' 2.12. 31-34
8 X11 50.0 41-44
8 F211 4,07 51-54
8 X12 76.1 61-64
8 F210 - 5.21 - 71-74
9 Blank Card 1-80
10 EOF control ; ; . 1-2
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APPENDIX B
SAMPLE PROBLEM OUTPUT

The following pages list the complete output of the Least Squares

Regression Routine for the problem described in appendix A. Note that
SIGMA is the adjusted standard error of estimate. .In the chart at
the bottom of each output .page;X(I) is the dependent.variable,.F(I).is.
the given value of the independent variable, Y(I) is' the value of .the.

| independent variable calculated using the regression coefficients,
DELY(I) is the calculated value of the independent variable minus:the. ..
given value, and W(I) is the weighting factor.. .Note also,.in.the.. .
second run, that the regression equation was limited to a maximum degree
of 10, due to the calculation of the Legendre coefficients.
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